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Introduction
*
Over the years many researchers have claimed that skilled migration could increase innovation and productivity. Skilled immigrant workers contribute directly to research activities and may: provide complementary skills to natives; generate lower costs; and enhance critical mass and specialization of tasks within the firm. Most of the evidence using individual data focuses on skilled workers in Science & Engineering (S&E) in the United States where, according to the 2000 census, immigrants were 24% of the U.S. S&E workforce with a bachelor's degree and 47% of workforce with doctorates (Kerr and Lincoln, 2010; Hunt, Guathier-Loiselle, 2010; Chellaraj et al., 2008; No and Walsh, 2010; Stephan and Levin, 2001) . In parallel, macro evidence at country level tends to confirm the view that the share of immigrants in the total population has a positive effect on the level of Total Factor Productivity (Ortega and Peri, 2014; Alesina et al.2013) .
In Europe evidence is more nuanced. Micro evidence on individual inventors shows that immigrant inventors outperform natives in terms of number of patent applications only in some countries (Breschi et al. 2014; Zheng and Ejermo, 2015) . Macro studies, using regions as a unit of analysis, show controversial evidence: some studies show a positive effect for the share of skilled migration on innovation (Bosetti et al. 2012 for EU countries; Gagliardi, 2011 for UK), while other studies do not find this positive effect (Ozgen et al. for EU regions , 2012; Bratti and Conti, for Italy 2014) .
The impact of migration on innovation and productivity is a key policy question in Europe where economic growth is slow and concerns have been expressed about sluggish improvements in tertiary education and innovation activities (European Commission, 2012) . The future innovation capacity of Europe is also affected by the ageing population (Prskawetz and Lindh, 2006) , long-term below replacement fertility and, finally, a continuous rise in life expectancy 1 . Lack of skills and an ageing labour force could hamper competitiveness and slow down the process of economic recovery. If the overall characteristics of European labour force seem problematic, it is important to understand whether migration can stimulate innovation and growth. Given the proliferation in recent years of economic studies on knowledge creation and innovation, it is surprising that there is still scant evidence, in particular for Europe, on the relationship between the different characteristics of the labour force and the rate and trajectories of technological innovation.
In order to address this issue, this paper estimates an innovation production function in 16 manufacturing industries (two digit level of the NACE classification) in France, Germany and UK, 1994-2005 . In order to extend the analysis beyond the UK and the US this paper analyses the three largest European countries in terms of population and GDP. In addition the UK, France and Germany are the three European countries with the longest tradition of migrant employement in their labour markets. Our paper measures innovation using patents (weighted with forward citations) applied at the European Patent Office. The characteristics of the labour force are based on the Labour Force Surveys in France and the UK and the Microcensus in Germany.
The paper estimates an innovation production function similar to Furman et al. (2002) which contains all the different components of the labour force (age, level of education, ethnicity). We control for the existing stock of knowledge, R&D expenditures, and openness to trade. The paper marks an advances on previous works of research in at least three respects.
First, it fully controls for the different characteristics of the labour force, in particular level of education and age and not only for the country of origin of migrants. The level of education measures the human capital of the worker and his or her ability to learn and its propensity to innovate. So we can compare, for the UK, Germany and France, the effects of skilled and unskilled migrants. Lowskilled migration could affect technological adoption decisions and investments in physical capital (Lewis 2011; Bratti and Conti, 2014) . It is, therefore, relevant to consider the impact of both skilled and unskilled migration. In addition recent literature shows that the risk propensity (which is strongly correlated to the propensity to innovate) and the depreciation of human capital vary strongly with age (Prskawetz and Lindh, 2006) . Moreover, our empirical specification allows us to directly compare the contribution of migrant and native workers to innovation along these different lines.
Second, we identify the effect of migration on innovation at the level of industry. This provides an improvement and a complementary view relative to the existing literature 2 . There is, in fact, a vast literature showing that sectors differ substantially in terms of innovation and R&D intensity. Recent papers studying the impact of migration on patents take a regional or provincial perspective (Ozgen et al. 2012; Alesina et al. 2013; Bosetti et al. 2012; Bratti and Conti 2014) . However, it is difficult to get away from the problem that industries vary dramatically in the production of patents and that an empirical strategy based on regions and provinces as a unit of analysis is not able to provide information on whether immigrants (in particular skilled immigrants) are really employed in the patenting sectors 3 . In addition, if migration tends to concentrate in specific fields of activities 4 , aggregate effects on innovation and productivity might be related not only to migration flows but also to the sectoral composition of the economy.
Finally, this paper addresses a number of econometric issues. Demand pull effects on migration at industry level require appropriate instruments. Moreover, there might be a set of additional unobserved factors that affect both patent production and migration at the industry level. Also, the use of Labour Force Surveys can generate measurement errors. Our identification strategy (employing longitudinal data at industry-country level) is based on two different instrumental variable strategies: the first relies on the adaptation of the common procedure used in the literature, devised by Card (2001) ; the second exploits the availability of internal instruments, that is lags in the endogenous variables (system-GMM: Blundell and Bond, 1998) . Both bring with them advantages and drawbacks: the use of external instruments need specific behavioural assumptions, which might or might not apply. On the contrary the use of internal instruments is better suited for large samples with a high number of observations. Our paper shows that highly-skilled migration has a positive effect on innovation. At the same time it finds that the effect is smaller relative to that of skilled natives (about one third). This is a warning flag because if skilled immigrants displace skilled natives the aggregate effect on innovation could be 2 An attempt in this direction can be found in European Commission (2009) with an analysis restricted to migrants' share.
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A different and complementary approach has explored how ethnic diversity affects innovation and productivity growth finding in most cases a positive effect (Niebuhr, 2010; Bosetti et al. 2012; Bratti and Conti 2014; Ozgen et al. 2011; Alesina et al. 2013) . 4 For the UK see for instance Dustmann et al. (2003) , where the concentration of different ethnic migrants in different sectors is displayed in Table 3 .3 pag.31. For Germany see Fertig and Schmidt (2001) , while for France see Constant (2005) . France, Germany and the UK 3 negligible. In addition, the positive effect for migrants seems to be confined to the high tech sectors and to skilled migrants from other European countries 5 .
Do native and migrant workers contribute to innovation? Patents dynamic in
The paper proceeds in Section 2 by positioning our paper in the context of the available empirical literature. Section 3 explains data and methodology and defines the knowledge production function that is used to model the innovative output. This depends upon the different characteristics of the labour force, controlling for the usual determinants of innovation activities. In Section 3 we, also, explain our identification strategy. Section 4 describes the data and discusses our empirical results, while Section 5 offers a conclusion.
The related literature on migration and innovation
The recent literature has paid a great deal of attention to migration as a potential determinant of innovation and productivity. Most studies have focused on the role of skilled migrants, since these are more likely to have an effect on innovation. A number of studies have focused especially on the role of graduates, inventors and scientists in Science and Engineering (S&E) disciplines, often taking advantage of micro data on individuals: the results point to a general positive effect of highly-skilled immigrants on a number of innovation measures such as patents, citations or scientific publications. Kerr and Lincoln (2010) study the link between patents and a special US visa policy (H-1B), which favours the entrance of foreign workers in S&E, noting a positive effect of migration on the overall production of patents in US cities. Hunt and Gauthier-Loiselle (2010) find as well that an increase in the share of tertiary educated migrants in the US increases the number of patent applications. In both cases the positive effects are strongly driven by the high share of highly-skilled immigrants in S&E disciplines. Chellaraj et al. (2008) show that the presence of foreign graduate students in US universities has a significant and positive impact on both future patent applications and future patents awarded to university and non-university institutions. Similar results are provided by No and Walsh (2010) , who find that among the respondent of a survey of US-based inventors the share of non-USborn among the leading inventors is disproportionally high. Stephan and Levin (2001) focus on scientists in the US and find an over-representation of foreign-born scientists among the individuals the make exceptional contributions to Science and Engineering.
While these studies provide very accurate evidence on the positive effect of skilled migration on innovation outcomes, their results are often limited to the subset of skilled immigrants in S&E disciplines. Therefore, the external validity of the results is quite low and might not be sufficient for the implementation of migration policies that, instead, necessarily concern a wider range of migrants. Moreover, the results are limited to the US. Only recently some studies have provided initial evidence on European countries using individual data on inventors. Breschi et al. (2014) employing data on patent application at the EPO found that for some European countries immigrant inventors show a very high patent productivity. However, their results do not hold for all European countries. Zheng and Ejermo (2014) using individual data on Swedish foreign-born inventors confirm that the positive effect of skilled migrants in Europe is less clear-cut, since they find that in Sweden immigrant inventors do not outperform natives in terms of the number of patent applications submitted.
Another perspective on the link between migration and innovation is provided by the literature, which uses aggregate data at the regional or country level: these studies adopt a more comprehensive approach, not only S&E and inventor migrants are considered, but also other types of skilled and sometimes unskilled migrants. 6 In this case the effect of migration is not only tested on the number of patents and citations, but also on other proxies of innovativeness such as Total Factor Productivity 5 Unfortunately we are unable to distinguish between former member of the EU (15) and the new accession countries (EU12). Note that the Former Yugoslav countries are included. 6 In this case skilled migrants can be either migrants with tertiary education level (most frequent case) or migrants employed in highly-skilled occupations.
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(TFP) or the introduction of innovations by firms. Ortega and Peri (2014) implement a cross-country analysis using a sample of 188 countries and find a positive elasticity in the share of immigrants (regardless of their skill level) over the total population on the level of TFP. In this stream of literature there is also much more evidence for European countries. Bosetti et al. (2012) , using a panel of twenty European countries, find that skilled migrants contribute positively to the number of patents and citations of scientific publications. Gagliardi (2011) finds that the share of skilled migrants within a UK province has a positive impact on the innovative performances of firms in that specific province. In most of these studies not only the share of (skilled) migrants is considered, but also their degree of diversity in terms of countries of origin. Alesina, Harnoss and Rapoport (2014) using cross-country data find a positive effect for diversity, especially among highly-skilled migrants. Ozgen et al. (2012) find that in a sample of 170 European regions the share of immigrants does not lead to a higher number of patent applications, while the diversity of the countries of origin leads, indeed, to more patents. Niebhur (2010) finds, meanwhile, that the diversity of the migrant population (especially of highly-skilled immigrants) has a positive effect on the level of patent applications among German regions. However, not all studies find a positive effect of immigrants on the innovativeness of regions, especially in countries in which skilled migration is not a common phenomenon. Using data on Italian provinces Bratti and Conti (2014) do not find that skilled migration has any effect on patent production. They find, instead, a negative and significant effect of un-skilled migration on innovation.
These studies allow us to broaden the focus of analysis from S&E immigrants to a wider set of skilled (and unskilled) migrants. However they all adopt a geographical approach, according to which the effect of migrants is measured on the innovative performance of the country/region/province in which they are resident. This methodology carries the risk of overlooking an important confounding factor represented by the sectoral specialization of each geographical unit. Indeed, it is well known that the pace of innovation is strongly technology-specific and varies dramatically across sectors (Breschi et al. 2000) . Immigrants might be attracted to regions in which the growth of high-technology sectors is very strong and, therefore, also the number of patents is growing steadily. However, a geographical approach cannot distinguish between the effect of immigrants that directly contribute to innovation because they work in innovative sectors, and the, let's say, 'spurious' effect of immigrants that merely work in complementary sectors in regions with a high growth in innovative sectors. In this respect a sectoral approach like the one we are implementing in this study seems better suited to measuring the effect of immigrants on innovation.
Another confounding factor that has not been considered in the current literature, but that is likely to affect the overall contribution of immigrant workers to innovate is their age profile. The human capital theory (Becker, 1975) shows that, at the end of the education period, workers reach their maximum productivity, which depreciates as their career goes on. This result can be imputed to the decline in cognitive abilities for older individuals, as stated by Oberg (1969) , Jones (2010) and Fargues and McCornick (2013) . Schubert and Andersson (2013) using matched employer-employee data for Sweden find that the overall employees' age has a negative impact on innovation outcomes. Considering that immigrants are on average younger than natives, not controlling for the age effect can induce an overestimate in immigrants' role in innovation. Finally, the role of low or medium educated (low-skilled) migrants in the innovation process has not been explored in depth. Only Bratti and Conti (2014) find that, in Italy, low-skilled immigrants contribute negatively to the number of patent applications, since in some middle or low technology intensity sectors also non tertiary educated immigrants might contribute to the innovation performances of firms.
Model, Methodology and Data
Model
Unlike the previous literature that uses mostly country, regions or provinces, our unit of analysis is the manufacturing sector. Our empirical model adapts Furman et al. (2002) that studies the innovative capacity of countries. According to standard endogenous growth models (Romer, 1990 ) the rate of technological progress is given by:
The sustainable rate of technological progress at time t (Å t ) depends upon the stock of accumulated knowledge A t-1 and by an ideas generation input (H t-1 ), which operates according to a standard CobbDouglas production function. This particular specification assumes some complementarity between inputs, so that the marginal impact on innovation of the inputs increases in the level of all of the other factors. Our analysis is performed at industry level and therefore expanding Eq.
(1) we obtain:
We test whether the annual flow of patents (Å i,t ) (weighted by citations) in year t and sector i is explained by lagged yearly expenditures in Research and Development (R&D i,t-1 ) and a lagged measure of the openness to trade of a specific sector (X i,t-1 ) that is the volume of exports plus imports per unit of production in sector i at time t-1. The annual number of patents being an annual flow, following equation (2), we also control for the stock of patents in the previous year (A I,t-1 ). A I,t-1 measures the stock of prior ideas and prior research. Note that if the coefficient of A is positive this means that the stock of prior ideas increases patent productivity (this is also called the "standing on the shoulders of giants" effect), but if the coefficient is negative it would indicate that new inventions are becoming increasingly difficult. The main focus of the paper is on the role of human resources in innovation. We use the lagged human capital characteristics (L i,t-1 ) in that specific sector i. It is important to underline that we decompose the human capital variable by age, education and ethnicity. In doing so we assume imperfect substitutability of different labour factors as in Ottaviano and Peri (2012) . It is important to remark that unlike Furman et al. (2002) we are also interested in the role of workers without tertiary education.
The dependent variable is the number of forward citations received by the patents in the four years after the application date. 7 We model our production function as a Cobb Douglas and we take logs to estimate the elasticity of each of the different inputs. We lag each independent variable by one year 8 as follows:
The employment L is divided into k different components, according to ethnicity, education and age; a i is the time-invariant fixed effect of each sector, λ t denotes a common time trend (that we proxy with time dummies) and ε it is the idiosyncratic shock occurring at time t in sector i. The analysis covers seventeen industries (two digits NACE) in the manufacturing sector, from 1994 to 2005 and three countries: France, Germany and the UK. As a consequence subscript i refers to the country-sector pair, which is our observational unit in the panel. Table ( 1) provides a precise list with the definition of variables.
Identification strategy
In order to estimate equation (3) we need to address a number of econometric issues that might affect our coefficients of interest. Our main concerns are directed towards the correct identification of the effect of labour variables, and in particular of migrant workers, on patent production. A first problem is related to the fact that the decision to move to a specific country is, in most of the cases, a strategic decision that depends on the specific dynamics of the sectors in which migrants will work. In other words a sector that is expanding and that needs additional manpower will attract workers both from inside and from outside the country. This demand-pull effect, if not accounted for, is likely to affect our estimates, because current and past shocks of the dependent variable might be correlated with our variables of interest. Moreover, it is likely that patent productivity shocks in a given sector have differentiated effects according to workers' skills and education. Indeed, an increase in the overall number of patents in a sector indicates a gradual shift of firms towards higher levels of technological sophistication. According to the vast literature on biased technological change (Acemoglu, 2002) technical change is more likely to exert a positive effect on the demand for educated workers, while it might have a negative effect on the demand for unskilled ones. In this respect the choice to lag by one year all the independent variables in equation (3) represents a first step in addressing this problem. But it is not likely to solve it completely.
A second problem is generated by other unobserved factors, which might affect both patentproductivity at the sectoral level and the decision of migrants to move to a specific national sector. For example a high-tech multinational that starts a green field investment in a given country is likely to affect both the production of new patents in a given sector and the flow of skilled migrants that come to work in that same sector. Again these factors would lead to problems of omitted variables bias due to both time-invariant and time-varying unobserved heterogeneity. Finally the last problem is related to the existence of possible measurement errors in the number of migrant workers. The use of Labor Force Surveys data should allow us to take into account sampling errors, through the use of population weights. However, the probability of incurring random measurement errors in national statistics on the labor force is significant, especially for data on migrant workers,. This might lead to attenuation bias problems in the estimation of the coefficients of interest.
We address these issues in the following way. Our starting point is a fixed-effects Ordinary Least Squares estimation that accounts for time-invariant unobserved heterogeneity denoted by a i in equation (3). However the fixed effects estimator is consistent under the unrealistic assumption of strict exogeneity between the covariates and the sector-specific idiosyncratic productivity shock ε it . This means that the independent variables must be uncorrelated with past, present and future shocks of the dependent variable (Chamberlain, 1982; Griliches and Mairesse, 1998 ). While we can easily assume that the labour variables are uncorrelated with future shocks, a past shock in patent productivity will typically affect the levels of employment in the following periods and possibly also in that same time-period. This is particularly important for migrant workers, but it might also affect the behaviour of native workers. As shown by Wooldridge (2002, p.301 ) the bias of the fixed effects estimator when strict exogeneity does not hold might be quite large, especially when time series are persistent, as is often the case for aggregated labor variables time series 9. Wintoki et al. (2012) focus specifically on the direction of the bias of the fixed effects estimator when strict exogeneity is violated and find that when the explanatory variable is negatively correlated with past values of the dependent variable the fixed effects estimator will have an upward bias. A positive correlation of the explanatory variable with past shocks of the dependent variable will, meanwhile, lead to a downward bias in the fixed effects estimator. In the case of patents the demand for educated workers is positively correlated with past shocks of patent productivity, while the opposite might occur for unskilled workers.
9
While for weakly dependent time series the bias of fixed effects is of order T -1 and hence it can be minimal for sufficiently long time series, if processes are very persistent (close to unit root AR(1) processes) the bias instead is independent of T and therefore can be relevant (Wooldridge, 2002) .
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Therefore, we expect a downward bias of the fixed effects estimator for educated workers and, possibly, an upward bias for unskilled workers.
In addition fixed effects estimators fail to account for the unobserved factors that might occur during the period of observation (as in the example of multinationals' brand new investments) and which might also induce a bias in the coefficients of interest.
In order to address these problematic issues related to the use of fixed effects estimators we implement two different instrumental variable strategies: the first relies on the use of external instruments, according to a common procedure used in the literature and first devised by Card (2001) , while the second exploits the availability of internal instruments, that is lags in endogenous variables. We implement both strategies since they have advantages and drawbacks: the use of external instruments is well suited to our empirical setting, but it relies on specific behavioural assumptions by individuals which may or may not apply. On the contrary the use of internal instruments does not require specific assumptions. Rather, it is better suited to large samples with a high number of observations.
External instruments
Our first instrumental variable strategy relies on the well-known identification strategy first implemented by Card (2001) . He addresses the potential endogeneity of the flows of migrants with respect to the economic conditions of the geographical areas in which they would migrate. This methodology takes advantage of the fact that migrants of a certain nationality tend to move to locations where other people of the same nationality had already settled. Therefore, by using the original distribution of nationalities at the beginning of the period of observation and the exogenous migration flows, it is possible to create fictional flows of migrants to be used as external instruments. This is possible because these flows are strongly correlated with the endogenous stocks of migrants, but at the same time because they are also uncorrelated with the shocks of the dependent variable. For our empirical design we adapt this instrumental variables (IV) methodology substituting sectors for geographical areas. In other words, we do not exploit the fact that migrants tend to move to areas where people of their same nationality are already settled. Rather, we take advantage of the fact that migrants often work in the same economic activities in which their compatriots are already active. The validity of this identification strategy rests on the hypothesis that the network effect, or better the effect of the "migratory chain" on the new inflows of migrants is not only limited to location effects: these produce a concentration of migrants in the same area (as in the original Card model). Rather, the "migratory chain" extends also to the sector of employment. Indeed the community of origin acts as a placing agency, reducing the cost of finding a job in the sectors in which the migrants from a specific country of origin are already concentrated (Ellis and Wright, 1999; Strom et al., 2013) . Frequently job engagement is already found before the arrival of the co-nationals.
For each of our migration-related variables we implement the following strategy in order to create the fictional levels of migrants workers in each sector. Sticking to the original notation of Card (2001), for each destination country (France, Germany and the UK), we compute the flow M ot of new migrants from a specific area of origin (we use eight large geographic groups 10 ) o in year t. Then for each destination country we computed the distribution of migrant workers from a specific area of origin in the different sectors of the economy at the beginning of our period of observation.
11 For each sector and for each area of origin we calculated the share λ oj , where j indicates the sector in which they are active:
In order to distinguish between skilled and unskilled migrants we calculated for each year t the fraction τ ogt of all new immigrants from a specific country of origin o that have a specific type g of education (either high or middle-low education) as follows:
For each sector j in each destination country, the fictional flow of new migrants from a specific country of origin o with education g is equal to:
These fictional flows of new migrants are aggregated over countries of destinations (differentiated by the two types of education) to obtain the fictional stocks of total migrants of a specific type of education in sector j at time t. These new stocks are used as external instruments for the real stocks of high and middle-low educated migrants in equation (3) in an IV setting with a two-stage least squares estimator. If our hypotheses hold these fictional stocks should be correlated with the actual stocks of migrants in each sector; but at the same time they should not be correlated with the patent shocks.
Internal instruments
Our second instrumental variable strategy relies instead on the use of internal lags in the endogenous variables as suitable instruments: we use the Blundell and Bond GMM-SYS estimator (1998). The GMM-SYS estimator accounts for the violation of the strict-exogeneity condition, which can greatly affect the reliability of fixed effects estimates. Indeed the GMM-SYS allows for sequential exogeneity, i.e. the explanatory variables need to be uncorrelated only with future shocks in the dependent variable, that is a much more plausible assumption. Moreover, differently from the exactlyidentified Card-like IV strategy based on external instruments, the GMM-SYS estimator allows us to test for the exogeneity of the instruments, since the use of several lags in the endogenous variables allows for an over-identified specification. Finally the GMM-SYS allows us to instrument, as well, the labor variables that measure native workers, since these variables are, also, likely to be endogenous.
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In equation (3) we consider the labour variables (both migrants and natives) as endogenous, that is, correlated with past and present values of the error term, while we consider all the other control variables as strictly exogenous. We will then estimate equation (3) instrumenting the endogenous variables L k with their own lags (in differences and in levels). A possible shortcoming of the GMM-SYS estimator is that it is better suited for large samples of individuals, while in our sample the number of sectors in the three countries is limited. This fact may lead to the problem of instruments over-fitting (Roodman 2009 ), due to the high number of instruments with respect to the number of observations, which decreases the reliability of the Hansen test on the exogeneity of the internal instruments. For this reason, in our estimates, we limit, as much as possible, the number of lags used as instruments, employing only those that are most informative. Furthermore, we implement the procedure suggested by Roodman (2009) in order to reduce the overall number of instruments, by 12 The choice to use the GMM-SYS estimator instead of the Arellano and Bond GMM-DIF (1991) , which also uses lags of the endogenous variables as suitable instruments, is motivated by the fact that labour variables are usually quite persistent. When time series are persistent the GMM-SYS specification is to be preferred because it not only uses lagged levels of variables as instruments for the equation in differences -which have very a low predictive power in the case of persistency -but also lagged differences for the equation in levels, which, instead, have a good explicative power in cases of persistency (Blundell, Bond, 1998). collapsing, into one single instrument, all the lags used as instruments, in order to reduce the proliferation of instruments.
Finally the adoption of internal instruments is also able to address the problems related to measurement errors. Indeed, if measurement error is free of serial correlation (and we believe this would be the case in our context), the panel dimension of the data deals with attenuation bias, precisely because it provides internal instruments. Griliches and Hausman (1986) show that the use of fixed effects (within estimators) can amplify the problems due to measurement error in panel studies. They also show that the best strategy to overcome this problem, more than IV strategies based on external instruments, is the use of internal instruments.
Data
We take advantage of an original dataset which combines data on innovation, as proxied by patents, and information on the characteristics of the labour force (migration, age and education) at the sectoral level. Measuring innovation and technical change is a daunting challenge since innovation is a multifaceted phenomenon and knowledge creation does not always leave a paper trail. One of the most popular indicators of innovation is the number of patents applications at industry or country level (e.g. Furman et al. 2002) 13 . We use patent applications at the European Patent Office (EPO) because we analyse three European countries. In addition international patent applications at the EPO are costly and, therefore, we select inventions with relevant market potential 14 . Finally we use an international patent office to offer a homogeneous database which allows cross-country comparisons and that is less distorted by country-specific institutional or policy changes.
The technological and economic value of patents varies considerably and many patents have low economic and technological value, while a few of them are extremely valuable. Patent citations are then used to correct this problem and to measure the economic and technological value of a patent 15 . For all three countries patents and patent citations are derived from PATSTAT (see Appendix B), which provides full data about patents registered at the EPO and the citations received. The conversion of the International Patent Classification to NACE sectors is provided by Schmoch et al. (2003) . Patents are assigned to countries using the address of the inventors and fractional counting.
The information concerning human capital (level of education, country of origin, age) was retrieved through the aggregation at the sectoral level of micro data from the national Labour Force Surveys for the UK, France and from the Microcensus in Germany. Appendix B provides an extensive 13 Patent data are typically considered an important indicator of innovation activity and they are extensively used in the economic literature. They provide valuable information on the technological activities of inventors and companies across countries in specific technological fields for long time series (Pavitt, 1985; Grupp, 1990 and Griliches, 1990) . The economic literature has validated the use of patents showing that there is a high level of correlation with R&D activities at the firm level (Griliches, 1990) and that patents are a good proxy for the technological effort of companies and nonfirm organizations aiming to create new products and processes. 14 Patent indicators have many limitations that have to be taken into account. Many inventions are not patented. Even if patents are increasingly used by companies, the evidence provided by many surveys of R&D managers indicates that, in many sectors, patents are not considered the major source of profit from new products and processes (e.g. Cohen et al., 2000) . This depends upon the nature of the technologies. As a consequence, companies have a significantly different propensity to patent across different sectors of economic activity. Finally, like R&D measures, patents tend to be a better proxy for the technological activities of large firms. Small firms tend to have a lower propensity to patent because -all other things being equal -the use of intellectual property requires high fixed costs of implementation and scale (Bound et al. 1984, Patel and Pavitt, 1994) . It follows that the size distribution of firms may have an important effect on the aggregate count of patents at the national level. 15 In the literature expenditure on research and development (R&D) is often used as a proxy of innovation potential.
However, in our analyses R&D is used as an input in the production of innovation; in addition we use R&D to identify the high-tech and low-tech sectors, following the standard OECD classification (Hatzichronoglou, 1997). description of the data. R&D expenditure and trade data by sectors are provided by the STAN database (OECD). The list of the countries of origin used in the paper is in Appendix C. Table ( 2) and (3) display the main characteristics of the database in the three countries in two subperiods at the beginning and at the end of the period considered (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) : the number of patents and citations per worker, the share of immigrants and the share of worker aged 35 years or younger (40 for Germany). Table ( 2) refers to all sectors, Table ( 3) shows the data just for high-tech sectors (See the Table A1 in the Appendix for the classification of sectors). Patents and patent citations per employee are higher in the high tech sector. The number of citations decreases substantially in the second period due to the obvious right-end truncation bias 16 . In the manufacturing sectors considered the share of young workers remarkably decreases over time, mainly because of the decreasing share of young workers among the non-tertiary educated. The share of tertiary educated, instead, is on the rise particular in the UK and France.
The empirical analysis
Descriptive Evidence
The overall share of immigrant workers in manufacturing sectors is falling slightly in Germany, where it is about 12% of the overall employment; on the contrary, in the UK and France the share of immigrants increases, respectively, from 6% to almost 8% and from 2% to 4%. Note that the share of tertiary-educated immigrants is growing in all countries: in the UK, where it already accounted for 1.2% of the labour force in 1994-1996, it doubles during the period of observation and reaches 2.4% in [2003] [2004] [2005] . Also in France, where the shares of highly-educated migrants are substantially lower (0.3% in 1994-1996) , the percentage doubles reaching 0.7% in 2003. In Germany the growth is slightly less high (from 0.7% to 1.1%). Table ( 2) shows an increase in the number of EU27-nationals immigrants in France and the UK. In the UK this is primarily due to the growth of tertiary educated EU27-nationals (mainly young highlyeducated immigrants from Eastern Europe 17 ). In Germany instead the share in EU2-nationals is quite stable over time, but there is an increase in the share of tertiary educated EU-nationals.
In Table ( 4) we show the number of patents and citations per employee, as well as the share of immigrants, broken down by sectors. The Table highlights once more the great heterogeneity in the production of patents at the sectoral level: high tech sectors like Office, Accounting and Computing Machinery display more than 10 patents for 1000 workers, compared to 0.2 in the Textile sector. The share of immigrant workers is high in the Textile and Automotive sector, but it mainly consists of low and middle educated workers. On the contrary tertiary-educated immigrants are more numerous in Office, Accounting and Computing Machinery, as well as in the Chemicals and Pharmaceutical sectors and Radio, Television and Communication Equipment. The share of European Union workers is quite constant across all sectors (around 3-4% of the labor force); on the contrary, the share of tertiary-educated EU nationals is substantially higher in all high tech sectors. 16 See Bacchiocchi and Montobbio (2012) 
Econometric Results
Table (5) reports the descriptive statistics for each of the variable used in the estimations. We have sixteen two-digit sectors for twelve years in France (1994 France ( -2005 fourteen two-digit sectors for twelve years in UK (1994 UK ( -2005 and sixteen two-digit sectors for ten years in Germany (1996 Germany ( -2005 18 .
In Table ( 6) we turn to the estimation of equation (3) using data from all countries, including time dummies to account for the common time trend. The dependent variable is the number of citations received by the patents applied at the EPO in the four years after the application. All variables are in logs and each covariate is included with a lag of one year in order to partially reduce the problems linked to reverse causality. Our specifications include controls for openness to trade, expenditures in R&D, and the cumulated stock of patents.
In Table ( 6) we measure the effect of all the labour force together and then we distinguish between tertiary educated and low-middle educated workers. The GMM-SYS estimators in columns (2) and (4), which properly account for the possible endogeneity of the labour force, show that the coefficient of all those employed is negative and significantly different from zero. In column (4), when we distinguish between high and low educated workers however, we find that, as expected, the two have differentiated effects on citations: tertiary educated workers display positive and significant effects, while middle-low educated workers have a negative and significant effect. The negative sign of the total labour force is, therefore, due to a composition effect, since middle and low educated workers represent the majority of total employment. With respect to the other control variables in the model, that we treat as strictly exogenous, the results show a negative effect on the average age of workers, especially for non-educated workers, and positive and significant coefficients for R&D expenditures and the stock of knowledge: the openness to trade is, meanwhile, negative and significant. The AR(1) and AR(2) tests confirm the goodness of our model specification, since they show that there is no residual serial correlation in the error term of the model. Moreover, the heteroskedasticity-robust Hansen test accepts the null-hypothesis of strength and exogeneity of the lagged instruments in use.
As a benchmark in Table ( 6) we also report the coefficients obtained with fixed effects estimators in columns (1) and (3) to check whether the direction of the bias of these estimators is consistent with our expectations. Woolridge (2002) and Wintoki et al. (2012) analyse the direction of the bias in fixed effects estimates in which the explanatory variable is correlated with past shocks of the dependent variable. According to Woolridge (2002) and Wintoki et al. (2012) we should expect a downward bias for educated workers (positive correlation with past shocks) and an upward bias for unskilled ones (negative correlation with past shocks). Indeed, looking at the results of column (5) we find that the fixed effects estimator displays a downward bias in the coefficient of educated workers, with respect to the GMM-SYS estimates, and an upward bias in the coefficient of non-educated workers.
So far our results confirm that human capital quality is a key variable influencing innovation performances. However, our aim is to, also, check the differentiated contribution of native and immigrant employees, controlling for their education. 18 For the UK we lack data on R&D expenditures in two sectors (Manufacture of wood products and cork; Manufacture of paper and paper products) therefore we can only apply our model to fourteen sectors. Our original sample consists hence of 520 observations: 192 observations in France, 168 observations in UK and 160 observations for Germany. In the estimation we use one year lag and therefore we lose sixteen observations in France and Germany and fourteen in the UK (46 overall), which correspond to the first year of each time-series. Furthermore, in France, in the first years of observation in some sectors with a low number of employees (Wood and products of wood and cork, Paper and paper products, Office Accounting and Computing Machinery) there are no foreign workers at all, so we cannot retrieve information on the average age of foreign workers: therefore, we lose fifteen observations in France. This also happens (for only one observation) both in UK and Germany. Overall, and obviously discounting the 'lost' observations, we have 161 observations for France, 143 observations for Germany and 153 observations for the UK, which sums up to 457 observations that will be used in our estimates.
In Table (7) we distinguish between the native and immigrant workforce and within each of these subsets we discriminate between tertiary educated and non-tertiary educated employees. Our specifications include time dummies and all the additional controls (R&D expenditures, stock of citations, openness to trade): furthermore we also check here for the effect of age distinguishing between the average age of each of the four identified groups of workers (highly-educated natives, highly-educated immigrants, low educated natives and low educated immigrants): all the coefficients of the control variables are reported in the Appendix in Table (A4) . In Table ( 8), instead, our focus is on the estimated coefficients of the labour variables. In column (1) we report the coefficients obtained with a fixed effects estimator: the estimated coefficients of the labour variables are likely to be affected by endogeneity, therefore we report them only as a benchmark with respect to the results obtained through the use of external and internal instruments. In columns (2) and (3) we show the results of a Two Stage Least squares (2SLS) instrumental variable estimation in which we use, as external instruments, the fictional stocks of high and low educated migrants, following our modified version of Card (2001) . In order to understand properly how the instrumental strategy works we first instrument only non-educated migrants with the fictional stocks of non-educated migrants and then we instrument only highly-educated migrants with the fictional stocks of highly-educated migrants. As we will show this we use this strategy because the behavioural assumption at the basis of the instrumental variable strategy does not work in the same way for both types of migrant workers: more specifically we find that the Card-like instruments works only with middle and low educated workers.
The results in column (2), in which we instrument only middle-low educated migrants, show that this category of migrants has a negative and significant effect. The non-instrumented highly-educated migrants have, on the other hand, a positive coefficient, of the same magnitude as the one obtained in the fixed effects specification. As in Table ( 6) when we instrument non educated workers we find the coefficient becomes even more negative, in line with the hypothesis of an upward bias in fixed effects estimates (Wintoki et al., 2012) . Natives are, instead, never significant, whether they are educated or not. When we look at the first stage statistics in the lower part of Table (7) we see that the external instrument is a good predictor of the levels of non-educated migrants: though, since we are in an exactly-identified specification, we cannot test for the exogeneity of the instrument. The Angrist and Pischke F-statistics show that the instrument is not weak. 19 In column (3), instead, we adopt the same specification, but this time we instrument the highly-educated migrants with their fictional stocks: in this case the predictive power of the instrument is extremely low, contrary to the case of low educated migrants we cannot rely on this identification strategy for this category of migrant workers. The Angrist and Pischke F-statistics is equal to 1.25, showing that the instrument is extremely weak, while the Hausman test rejects the hypothesis of exogeneity of the instrumented variable: though note that the Hausman test is not reliable with very weak instruments. We interpret these results as an empirical test of the behavioural assumptions behind our estimation strategy: while for low-educated workers it seems that the presence of immigrants from a certain country in a given sector attracts new migrants from abroad to the same sector, in the much more recent and lower scale case of highly-educated workers this is not the case. For highly-skilled migrants the market signals are more efficient that ethnic networks in helping co-ethnics find jobs.
Conversely the sectoral choice of highly-educated workers, with specialized skills, is not affected by the sectoral specialization of the workers from the same country of origin. Indeed, Card's strategy is originally devised to account for the behaviour of mainly low-skilled migrants entering the United States (in Card's study immigrants were mostly Hispanics from Mexico and South America and had, on average, two or three of education less than natives).
To address endogeneity we also chose to implement a GMM-SYS estimator. First we address a number of issues related to the correct choice of the lag specification of the. Indeed since our data has 19 The Hausman test on the endogeneity of the instrumented variables cannot reject the null-hypothesis of exogeneity, though the p-value of the test is relatively low, which casts some doubts on the real exogeneity of the variable. a limited number of observational units (country-sector pairs) and a quite large number of years, we are very parsimonious strategy with respect to the number of lags used as instruments, to avoid the problem of over-fitting instruments (Roodman, 2009 ). Moreover we test whether the Blundell-Bond (1998) GMM-SYS estimator is more appropriate than the Arellano-Bond (1991) estimator. This is the case if the specification of equation (3) in levels with the lagged instruments in differences works better than the specification in differences with the lagged levels of the instruments. Therefore, in Table (9) we test the predictive power of lagged levels and lagged differences of each of the labour variables. In the upper panel of Table (9) we present the first stage results of a fixed effects 2SLS estimation of equation (3) in levels, in which we instrument separately each of the four labour variables with their lagged differences. On average the results show that lagged differences have a good predictive power, as shown by the significance of the coefficients. However, we find that for educated migrants the first, second and third lagged difference can be used as suitable instruments, while for non-educated migrants only the second and third lagged differences are relevant. When we check for educated natives we find that only the first lagged difference is significant, while for noneducated natives the first and second lagged differences are important. In the lower panel of Table (9) we check whether when we transform equation (3) in first-differences, lagged levels of the endogenous labour variables are good instruments. In line with our expectations we find that lagged levels are not sufficiently powerful instruments for the variables in differences, due to the persistency of the labour variables (Blundell and Bond, 1998) : almost all the lagged levels are insignificant in the first stage, with the exception of educated natives, in which, instead, the one and two-years lagged levels are significant. These results confirm that the GMM-SYS specification is legitimised by the relevance of lagged differences as instruments for the equation in levels.
On the basis of the findings of Table (8) we estimate equation (3) with a GMM-SYS in which we use, as instruments, only the lags that are found to be useful for each labour variable. We avoid using more than two lags for each of the variables in order not to use too many lags. Moreover, we apply the procedure suggested by Roodman (2009) which collapses instruments in order to further decrease the number of instruments. 20 In Column (4) of Table (7) we present the results of a GMM-SYS in which only migrants are instrumented with their own suitable lags. The results are quite in line with those obtained in column (3), when we instrumented only non-educated migrants. Highly-educated migrants are always significant and their coefficient increases by 80%. Low educated migrants have, instead, a negative coefficient, whose size is comparable with the one found in the external-instruments 2SLS estimation. However, in this case it is not significant. The AR(1) and AR(2) tests on the presence of serial correlation in the error terms show that the specification chosen is correct, while the Hansen test accepts the null hypothesis that instruments are strong and orthogonal to the error term. Since we have good reasons to believe that natives may not be strictly exogenous, in column (5) we also instrument highly-educated natives and low-educated natives with their own lags. In this specification the coefficients of the migrants (high and low educated) are consistent with the previous specification in column (5): highly-educated migrants have a positive and significant coefficient, while non educated migrants have a negative and significant coefficient. The results change, instead, for what concerns the native labour force, consistent with our expectations. Now highly-educated natives are positive and significant, while non educated native display a negative and significant effect: again when we endogenize the labour variables we find that, with respect to the fixed effects results, the coefficient for educated workers increases in size, while it decreases for unskilled ones. In the Appendix in Table  (A4) we display the coefficients of the variables controlling for the effect of age, distinguishing by education level and ethnicity: the results show significant coefficients only for the middle-low educated natives, which display a negative effect on innovation. 20 In Table (7) we show one-step standard errors, since in small samples with a large number of instruments (due to a large T) standard errors in two-step GMM tend to be severely downward biased (Windmeijer, 2005) . However, when we implemented the two-step procedure the results of the GMM-SYS estimation were largely unaffected.
Our results show that highly-educated migrants have a positive effect on innovation in the three European countries analysed, but their effect is smaller than educated natives: it stands, in fact, at only one third that of natives. A 1% increase in the number of highly-educated natives leads to a 0.3% increase in the number of citations, whereas a 1% increase in the number of highly-educated migrants leads to slightly less than 0.1% increase in citations.
Heterogeneous effects
The effects that we have identified for the foreign labor force might differ according to specific characteristics of migrants (e.g. country of origin) or to the specific sectors in which they are employed. A typical drawback of our use of international educational standards to classify foreign workers is the great heterogeneity in terms of the quality of higher education degrees in different countries of the world. Indeed, it is likely that graduates from different countries will also display different levels of skills according to the quality of their national higher education system (of course this problem is much less relevant for the native educated labour force). If this is the case it is not correct to pool graduates from very different countries together 21 . We address this issue distinguishing between migrants coming from European and extra-European countries. We believe this distinction should allow for a lower degree of heterogeneity, at least as far as concerns European foreign workers, since most countries in Europe have gone through an important process of convergence in the organization of their educational system (see in particular the Bologna process). Recent works (Moguérou, Di Pietrogiacomo, 2008; Breschi et al., 2014) also show that skilled migration in Europe consists of European citizens moving from one country to another, exploiting their right to move freely across European borders 22 .
In Table (9) we distinguish between workers whose country of origin is a European country and workers who come from outside the Europe 23 : we do this both for tertiary-educated workers and for workers without a tertiary degree. We estimate the model both through OLS estimators with fixed effects and with the GMM-SYS estimator used in the previous section, in order to account for the possible endogeneity of each component of the labor force. In the Appendix in Table (A5) we report all the coefficients of the variables in our model, while in Table (9) we only report the coefficients of interest. The OLS and GMM-SYS results in columns (1) and (2) of Table (8) are qualitatively similar. However, the GMM coefficients are slightly larger and more significant than the OLS ones. Both results show that educated foreign workers have a positive effect on innovation, but that in the case of European educated workers the effect is larger than for non-European ones: indeed the positive coefficient of the former is more than twice as large as the coefficient of the latter. When, instead, we focus on the effect of non-tertiary educated foreign workers distinguishing between European and non-European ones, we find that only non-European workers display a negative effect on patent citations, while the effect of European foreign workers is not significantly different from zero.
Another potential limitation of our baseline specification has to do with the specific sector of activity in which foreign workers are employed. Most of the literature that analysed the effect of migration on innovation has found a positive effect for tertiary educated foreign workers in high-tech occupations, especially in the US (Kerr and Lincoln, 2010; Hunt and Gauthier-Loiselle, 2010) . 21 In principle this problem could also affect non-tertiary educated foreign workers, since in this case, too, the skill level of workers might depend on the level of development of their own national below-tertiary education system, (i.e. technical and professional schools). 22 This is a key difference with respect to other countries such as the United States, where migrants come from very world regions (Latin and Central America, as well as Asia and Europe). 23 In our analysis the set of European countries includes also some countries which are not inside the European Union, such as Norway, Switzerland, Bosnia-Herzegovina, Serbia, Montenegro and Albania. We made this decision as some national statistical offices aggregated workers coming from a contiguous set of countries, so in some cases we could not distinguish between, say, a Slovenian (inside the European Union) and a Bosnian (outside the European Union). Therefore, it is important to check whether in the three European countries that we analyse the positive effect of educated migrants on innovation is mainly related to high-tech sectors, as in the US, or whether it is homogenous across all sectors. Also, the contribution of middle-low educated foreign workers might differ according to the type of sector in which they are employed, whether high or lowtech. In order to take these heterogeneous effects into account we classify sectors following the usual OECD classification (Hatzichronoglou, 1997) 24 in high-tech and low-tech sectors. In order to obtain comparable results with the previous specifications in Table (8) we keep the same number of observations and interact educated migrants with two dummies. A high-tech dummy which is equal to 1 for the observations belonging to high-tech sectors or that is otherwise zero. A low-tech dummy which is equal to 1 for the observations belonging to low-tech sectors or that is otherwise zero. In column (3) and (4) of Table (9) we present a new specification, which is equal to the one presented in Table (8) . Now, though, educated migrants are interacted with the two dummies, to check for differentiated effects. In column (4) the GMM-SYS estimates show that the positive effect of educated migrants is positive and significant only in high-tech sectors: moreover, its coefficient is 40% higher than the coefficient found for the total economy in Table ( 8) . In column (6) we, instead, interact noneducated migrants with the technological dummies. We find that when we adopt the GMM-SYS estimator the negative effect of non-educated migrants is stronger in low tech sectors.
Concluding comments
In this article we estimate the effect of the employment of native and migrant workers on innovation using the French and UK Labour Force Surveys and the German Microcensus; these were, then, merged at the sectoral level, with the European patents and citations database (PATSTAT). This paper adds to the existing literature in a number of respects.
It complements previous results on migration and innovation that are based on regional and national approaches whose results are often driven by the specific sectoral distribution of the migrants by country of origin. It studies the impact on innovation of the labour force in three large European countries, expanding the evidence available for the US and, finally, compares the impact of migrants and natives workers.
Using an innovation production function we control for age, level of education, countries of origin, R&D, knowledge stock and openness to trade. Identification is based on two different instrumental variable strategies: the first extends the common procedure of Card at sectoral level (2001); the second exploits the availability of internal instruments (GMM-SYS). The second seems more appropriate and tackles the issue of the endogeneity of both migrant and native workers.
We show that a highly-educated labour force has a positive impact on innovation. This holds not only for the aggregate number of highly-educated workers but also, with a smaller coefficient, for migrants. In particular a 1% increase in the number of educated natives leads to a 0.3% increase in the citation-weighted number of patents, a 1% increase in the number of highly-educated migrants leads to a slightly less than 0.1% increase in the citation-weighted number of patents. This paper also shows that the effect of migrants varies according to sector and that highly-educated migrants have a positive effect on innovation in particular for high-tech sectors. The effect of low-skilled migrants is, meanwhile, negative in both sectors but more negative in low tech sectors.
The positive effect is stronger for European migrants than for third-countries nationals but in general it is rather small. This raises the question of the appropriate policies to adopt to favour European innovation. Migration policies could favor the entrance of potential workers with education 24 More specifically, due to the lack of three-digit sectoral disaggregation in our database, our high-tech sectors correspond to the set of OECD medium-high tech and high tech, while low-tech sectors correspond to the set of low-tech and midlow tech sectors. in science, technology, engineering, or mathematics (STEM), or with advanced degrees, such as masters' degrees and doctorates in these areas. National policies -at least, in the Netherlands, Sweden and the UK -and the European Blue Card (Blue Card Directive, 2009) -used extensively in Germanytry to facilitate the recruitment of highly-skilled workers. They should probably focus more, though, on highly educated workers or on foreign students already in destination countries. Our results also suggests that investment in the education of native students could have a positive effect on innovation activities, particularly in high tech sectors. Tables   Table 1. Description of 
Microcensus for Germany
E_Tedu log of employees with tertiary education. In the UK we consider as tertiary-educated those workers that left school when they were older than 21 years old. In France we consider tertiary educated those workers who obtained a degree that is beyond that of the "baccalaureat general". In Germany is tertiary education. UK FRANCE GERMANY 1994 -1996 -2005 1994 -1996 -2005 1996 We classify as "young" workers that are younger than 35. See Table ( 1) for a precise definition of "tertiaryeducated workers" and "immigrant workers". GERMANY 1994 GERMANY -1996 GERMANY 2003 GERMANY -2005 GERMANY 1994 GERMANY -1996 GERMANY 2003 GERMANY -2005 GERMANY 1996 GERMANY -1998 We classify as "young" workers that are younger than 35. See Table ( 1) for a precise definition of "tertiaryeducated workers" and "immigrant workers" and Table A1 in the Appendix for the definition of high-tech sectors. (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) , 14 two-digit sectors for 12 years for the UK (1994 UK ( -2005 and 14 two-digit sectors for 10 years for Germany (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) . Our original sample, thus, consists of 520 observations: 192 observations in France, 168 observations in the UK and 160 observations for Germany. Because of the one year lag chosen for our estimation, we lose 16 observations in France and Germany and 14 in the UK (46 overall), which correspond to the first year of each time-series. Furthermore, especially in France, in the first years of observation for some small and high tech sectors there were no foreign workers at all, so we can't retrieve information on the average age of foreign workers: therefore we lose those observations (15 observations in France). This also happens, for only one observation, both in the UK and Germany. Net of these missing observations, overall we have 161 observations for France, 143 observations for Germany and 153 observations for the UK, which sums up to 457 observations that are used in our estimates. is the log of citations received in the last 4 years. All variables are in logs and are 1-year lagged. In columns (1) and (3) OLS estimators are implemented. In columns (2) and (4) (one-step) robust GMM-SYS estimators are used. All models include time, country and industry dummies. In the GMM models the endogenous variables are E, E_edu, E_noedu. All the other variables are considered as exogenous. The collapse option (Roodman, 2009 ) is implemented for the GMM-style instruments in levels and in differences, only the first two lags of the endogenous variables are used. Standard errors are clustered at the country-industry level, *** p<0.01, ** p<0.05, * p<0.1. Hansen test p-value 0.170 0.426 The dependent variable is the log of citations received in the last 4 years. All variables are in logs and are 1-year lagged. All models include additional control variables, as displayed in Table (A4). All models include time, country and industry dummies. In column (1) the OLS estimator is implemented. In columns (2) and (3) two-stage least squares estimators are implemented. In the panel below first-stage coefficients are reported. The Angrist-Pischke test of excluded instruments reports the probability that excluded instruments in columns (2) and (3) are weak, the Hausman test reports the probability that the instrumented variables are endogenous. In columns (4) and (5) (one-step) robust GMM-SYS estimators are used. The collapse option (Roodman, 2009 ) is implemented for the GMM-style instruments in levels and in differences. In column (4) the endogenous variables are E_Tedu_mig, E_noTedu_mig. On the basis of the results in Table ( 10) E_Tedu_mig is instrumented with one and two year lags, while E_noTedu_mig is instrumented with two and three years lags. In column (5) the endogenous variables are E_Tedu_mig, E_noTedu_mig, E_Tedu_nat, E_noTedu_nat,. On the basis of the results in Table ( 10) both E_Tedu_nat and E_noTedu_nat are instrumented with one year lags, while E_Tedu_mig, E_noTedu_mig are instrumented with the same lags as in column (4). In columns (4) and (5) all the additional control variables are considered as exogenous. Standard errors are clustered at the country-industry level, *** p<0.01, ** p<0.05, * p<0.1. (3) in levels. Each of the columns reports the results of first stage estimates in which only one of the endogenous variables is instrumented with its own lags in differences. The estimates in the lower panel report the results from a First-staqe instrumental variable estimation of equation (3) in differences. Each of the columns reports the results of first stage estimates in which only one of the endogenous variables is instrumented with its own lags in levels. The F-statistics refer to the first-stage estimation. The Hansen test reports a test of over-identifying restrictions on the goodness of the instruments (the nullhypothesis is that instruments are valid). The Hausman test checks for the exogeneity of the instrumented variable in equation (3), the null hypothesis is that the instrumented regressor is exogenous. Standard errors are clustered at the country-industry level, *** p<0.01, ** p<0.05, * p<0.1. Table (A5) . All models include time, country and industry dummies. In columns (1), (3) and (5) OLS estimators are implemented, while in columns (2), (4) and (6) (one-step) robust GMM-SYS estimators are used. In the GMM-SYS estimates all labor variables are considered as endogenous, while the control variables (R&D, openness to trade and the stock of citations) are considered as exogenous. The collapse option (Roodman, 2009 ) is implemented for the GMM-style instruments in levels and in differences, only the first two lags of the endogenous variables are used. Standard errors are clustered at the country-industry level, *** p<0.01, ** p<0.05, * p<0.1. Difference (null H = exogenous): chi2 0.287 The dependent variable is the log of citations received in the last 4 years. All variables are in logs and are 1-year lagged. All models include additional control variables, as displayed in Table (A4). All models include time, country and industry dummies. In column (1) the OLS estimator is implemented. In columns (2) and (3) two-stage least squares estimators are implemented. In the panel below first-stage coefficients are reported. The Angrist-Pischke test of excluded instruments reports the probability that excluded instruments in columns (2) and (3) are weak, the Hausman test reports the probability that the instrumented variables are endogenous. In columns (4) and (5) (one-step) robust GMM-SYS estimators are used. The collapse option (Roodman, 2009 ) is implemented for the GMM-style instruments in levels and in differences. In column (4) the endogenous variables are E_Tedu_mig, E_noTedu_mig. On the basis of the results in Table ( 10) E_Tedu_mig is instrumented with one and two year lags, while E_noTedu_mig is instrumented with two and three years lags. In column (5) the endogenous variables are E_Tedu_mig, E_noTedu_mig, E_Tedu_nat, E_noTedu_nat,. On the basis of the results in Table ( 10) both E_Tedu_nat and E_noTedu_nat are instrumented with one year lags, while E_Tedu_mig, E_noTedu_mig are instrumented with the same lags as in column (4). In columns (4) and (5) all the additional control variables are considered as exogenous. Standard errors are clustered at the country-industry level, *** p<0.01, ** p<0.05, * p<0.1. is the log of citations received in the last 4 years. All variables are in logs and are 1-year lagged. All models include additional control variables, as displayed in Table (9). All models include time, country and industry dummies. In columns (1), (3) and (5) OLS estimators are implemented, while in columns (2), (4) and (6) (one-step) robust GMM-SYS estimators are used. In the GMM-SYS estimates all labor variables are considered as endogenous, while the control variables (R&D, openness to trade and the stock of citations) are considered as exogenous. The collapse option (Roodman, 2009 ) is implemented for the GMM-style instruments in levels and in differences, only the first two lags of the endogenous variables are used. Standard errors are clustered at the country-industry level, *** p<0.01, ** p<0.05, * p<0.1.
Labour force Surveys for France and UK. Microcensus for Germany
Microcensus. The Microcensus supplies statistical information in a detailed subject-related and regional breakdown on the population structure, the economic and social situation of the population, families, consensual unions and households, on employment, job search, education/training and continuing education/training, the housing situation and health. The German Microcensus includes 1% of the resident population in the former West Germany, and is a large, representative, random sample containing comprehensive information on individual and household characteristics.
